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(54) Inductor structure 

(57) An inductor structure (30) with improved Q 
compatible with typical integrated circuit fabrication 
includes a spiral inductor (12) with a conductive plane 
(32) between the resistive substrate (20) of the inte- 
grated circuit and the spiral inductor (12) which reduces 
the power loss of the inductor. A pattern (62-64) of seg- 
ments may be formed in the conductive material (32) to 
prevent eddy currents from flowing through the conduc- 
tive plane and reducing the inductance of the spiral 
inductor. The Q of the inductor can be enhanced by opti- 
mizing the pattern (62-64) in which the segmented con- 
ductive plane (32) is famed. The segmented 
conductive plane (32) may be fabricated out of metal, 
polysilicon or a heavily-doped region of the substrate. 
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Description 

This invention relates generally to inductors on inte- 
grated circuits. In particular, it relates to techniques for 
increasing the Q of such inductors. 

It is desirable to have inductors that can be fabri- 
cated in an integrated circuit together with the electrical 
circuitry associated with the inductors. Electronic cir- 
cuits can be manufactured less expensively and more 
reliably if all the elements of the circuitry are fabricated 
on a single integrated circuit. The number of integrated 
circuit input and output pins can be minimized by maxi- 
mizing the number of types of electronic components 
that are included on the integrated circuit chip. Planar 
inductors have been successfully fabricated on inte- 
grated circuits but suffer from low Q's. 

Many electronic circuits require inductors with a 
high Q. Specifically, communication devices that have a 
voltage controlled oscillator (VCG) ^ay require a h:gh-G 
inductor. The Q of the inductor used in the tank circuit of 
the VCO directly effects the phase noise performance of 
the VCO. The phase noise performance of the VCO 
directly effects the ability of the communication device 
to receive and transmit modulated signals. 

There is a demand for the capacity to incorporate 
high-Q inductors in integrated circuits. Electronic circuit 
manufacturers strive to minimize the number of elec- 
tronic components required to manufacture the product. 
Presently, if an electronic circuit application requires a 
high Q inductor, the high Q inductor must be physically 
located external to the integrated circuit that comprises 
the rest of the associated electronic circuitry. This 
increases the cost of the electronic circuit and increases 
the manufacturing costs of the electronic product being 
produced. The electronic product will also tend to be 
physically larger and less reliable. 

Figure 1 shows a cross-section of a typical spiral 
inductor 12 formed on an integrated circuit 10. The spi- 
ral inductor 1 2 is fabricated from a layer of metal formed 
during the integrated circuit fabrication process. The 
first end 14 of the spiral inductor 12 is generally con- 
nected to a circuit trace on the same layer of metal as 
the spiral inductor 12. The second end 16 of the spiral 
inductor is generally connected through a via to a 
ground plane or to another circuit trace which resides on 
another layer of metal. The layers of metal are sepa- 
rated by the insulating layer 18. 

Figure 2 is an equivalent circuit depicting the spiral 
inductor 12 shown in Figure 1 together with its associ- 
ated parasitic capacitance, resistance and inductance. 

The Q of an inductor is proportional to the energy 
stored in the inductor divided by the power dissipated in 
the inductor. The amount of energy stored in an inductor 
is directly proportional to the value of inductance of the 
inductor. The amount of power dissipated in an inductor 
depends on the resistive elements R s , Rsub- r mi anc * 
R M2 associated with the inductor, as shown in Figure 2. 

The power dissipation in the spiral inductor 12 is 
generally dependent on three resistive loss compo- 



nents. The first resistive loss component is the resist- 
ance of the metal traces that form the spiral inductor 12. 
The second resistive loss component is the loss due to 
electric fields created when an alternating voltage 

5 applied to the spiral inductor 12 causes current to flow 
through the resistive substrate. The third resistive loss 
component is the loss due to magnetic fields created 
when an alternating current flows through the spiral 
inductor 12 inducing eddy currents to flow in the resis- 

ro tive substrate. 

The spiral inductor 12 has an associated induct- 
ance (Lo +l mi +l m2 + in Fi Qure 2) and an ohmic 
series resistance (R s in Figure 2). The R s series resist- 
ance component of the spiral inductor 12 primarily con- 

is sists of the resistance of the metal traces that form the 
spiral inductor 12, but can also include the skin effect of 
the spiral inductor 12 when the frequency of current 
flowing through the spiral inductor 12 is relatively high. 
The electrio field resulting from the alternating volt- 

20 age applied to the spiral inductor 12 causes current to 
flow through the resistive substrate 20. The substrate 20 
is lossy and is more conductive than the insulating layer 
18. The equivalent circuit of Figure 2 depicts capacitive 
elements C 0 x< G$ub representing the capacitance 

25 across the insulating layer 18 and the substrate layer 
20. R S ub represents the resistive component of the 
lossy substrate 20. A voltage between the spiral induc- 
tor 12 and the substrate ground 22 will create an electric 
field across the insulation layer 18 and the substrate 20. 

30 If the voltage varies, the resulting changing electric field 
will cause current to flow through the substrate 20 
charging and discharging the insulating layer capaci- 
tance C 0 x- The magnitude of the current is directly pro- 
portional to the frequency at which the voltage varies. 

35 The substrate is resistive and will dissipate power. The 
power dissipation is proportional to the resistance of the 
substrate and to the square of the value of the current 
flowing through the resistive component R SUB of the 
substrate. 

40 The magnetic field resulting from the alternating 
signal current f towing through the spiral inductor 12 
induces eddy currents in the substrate 20. The eddy 
currents generate a magnetic field that opposes the 
magnetic field created by the current flowing through 

45 the spiral inductor 12. The eddy currents flowing in the 
resistive substrate 20 create a power loss which 
increases as the frequency of the signal current flowing 
through the spiral inductor 12 increases. The power loss 
can be modeled with a set of resistors R M i and R M2 

so shunting inductor elements L M1 and L M2 of the spiral 
inductor 12. Increasing the frequency of the current 
flowing through the spiral inductor 12, increases the 
effect that the resistive elements R M1 and R M2 have on 
the inductive response. This decreases the Q of the spi- 

55 ral inductor 12. 

Cpj in Figure 2 represents the feed through capac- 
itance between the windings of the spiral inductor 12. 

The substrate ground 22 of Figure 1 is depicted as 
a conductive plane on the backside of an integrated cir- 
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cuit 10. However, different configurations of the sub- 
strate ground can provide the same basic functionality. 
The function of the substrate ground is to electrically 
connect the substrate 20 to a fixed low impedance 
potential. The grounding of the substrate 20 can be 5 
implemented by connecting the substrate to a fixed low 
impedance potential from the top side of the integrated 
circuit rather than to a ground plane on the bottom side 
of the substrate 20. The substrate may be connected to 
a fixed low impedance located at the top side of the inte- w 
grated circuit by running a conductive tap through all of 
the top layers of the integrated circuit without making 
electrical contact with the layers the tap passes through. 
The conductive tap is configured so that the tap electri- 
cally connects the substrate 20 to the fixed low imped- 15 
ance potential. 

The present invention seeks to provide an improved 
integrated circuit inductor structure. 

According to an aspect of the present invention, 
there is provided an integrated circuit inductor structure 20 
as specified in claim 1. 

According to another aspect of the present inven- 
tion, there is provided a method of increasing the Q of 
an integrated circuit inductor structure as specified in 
claim 8. 25 

It is possible in the preferred embodiments to pro- 
vide for inductors on electronic integrated circuits with- 
out extra processing steps and which have higher 
values of Q than presently available. 

The preferred embodiment provides a planar spiral 30 
inductor structure formed on an integrated circuit which 
can be implemented during the fabrication of both 
CMOS and bipolar integrated circuits and does not 
require extra processing steps. 

An embodiment provides a planar inductor struc- 35 
ture fabricated on an integrated circuit and which 
includes a resistive substrate, a spiral inductor, a con- 
ductive layer located between the spiral inductor and 
the substrate, and a non-conductive layer for insulating 
the inductor from the conductive layer. <o 

In another embodiment, the conductive sheet has a 
plurality of conductive segments located to minimize 
eddy currents flowing through the conductive sheet. To 
minimize electric field loss the conductive sheet may 
additionally include a perimeter region electrically con- 45 
nected to a fixed low impedance reference voltage, and 
the conductive segments may extend from the perime- 
ter region towards a center portion of the planar induc- 
tor structure so that electric field current induced in the 
conductive sheet flows a minimized distance through so 
the conductive sheet. Minimizing the electric field loss 
increases the Q of the spiral inductor. 

Another embodiment provides a method of increas- 
ing the Q of an integrated circuit planar inductor struc- 
ture, in which an integrated structure is provided 55 
including a substrate, a spiral inductor and an insulating 
layer between the substrate and the spiral inductor. A 
conductive layer is located between the substrate and 
the insulating layer. In this embodiment, the conductive 



layer may be segmented to minimize eddy currents 
flowing through the conductive layer. A fixed low imped- 
ance potential may be electrically connected to a perim- 
eter region of the conductive layer, and the segmenting 
of the conductive layer may extend from the perimeter 
region towards a center portion of the planar inductor 
structure so that electric field current induced in the con- 
ductive sheet flows a minimized distance through the 
conductive sheet. 

An embodiment of the present invention is 
described below, by way of example only, with reference 
to the accompanying drawings, in which: 

Figure 1 shows a cross-section perspective of a 
prior art planar spiral inductor on an integrated cir- 
cuit. 

Figure 2 is an equivalent circuit of the planar spiral 
inductor shown in Figure 1 and its parasitic circuit 
elements. 

Figure 3 shows a cross-section perspective of an 
embodiment of planar spiral inductor in which a 
conductive solid electrostatic shield is formed under 
the spiral inductor. 

Figure 4 is an equivalent circuit of the planar spiral 
inductor shown in Figure 3 and its parasitic circuit 
elements. 

Figure 5 shows the eddy current paths induced in a 
solid conductive plane adjacent to the spiral induc- 
tor. 

Figure 6 is a plot which shows the variation in the 
inductance of the planar spiral inductor of Figure 3 
with the distance between the inductor and the solid 
conductive electrostatic shield. 

Figure 7 shows a cross-section perspective view of 
another embodiment of inductor in which a seg- 
mented conductive electrostatic shield is located 
between the spiral inductor and the substrate. 

Figure 8 shows a cross-section perspective view of 
another embodiment of inductor in which a seg- 
mented conductive electrostatic shield is located 
between the spiral inductor and the substrate. 

Figure 9 shows a cross-section perspective view of 
another embodiment of inductor in which a seg- 
mented conductive electrostatic shield is located 
between the spiral inductor and the substrate. 

Figure 10 is a plot of Q as a function of frequency 
for an ideal spiral inductor, a prior art spiral inductor 
structure and the preferred spiral inductor structure. 

Figure 1 1 shows a cross-section perspective of a 
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typical integrated circuit showing the conductive 
layers that may be used to form an electrostatic 
shield. 

Figure 12 shows the paths of the electric field lines 5 
emanating from the spiral inductor. 

Figure 13 shows a planar inductor formed by elec- 
trically connecting two spiral inductors in parallel 
where each spiral inductor resides on a unique con- w 
ductive layer within an integrated circuit- 
Figure 14 shows a planar inductor formed by elec- 
trically connecting two spiral inductors in series 
where each spiral inductor resides on a unique con- is 
ductive layer within an integrated circuit. 

As shown in the drawings for purposes of illustra- 
tion, there is provided a high-Q planar spira! inductor 
structure. The preferred spiral inductor structure ena- 20 
bles a high-Q inductor to be fabricated in the same inte- 
grated circuit as the electronic circuit that requires the 
high-Q inductor. The benefits of a single integrated cir- 
cuit chip solution include reduced cost, reduced physi- 
cal size, increased reliability, ease of manufacturing, 25 
reduced power consumption and enhanced perform- 
ance. These benefits are especially useful in the rap- 
idly-expanding market for portable communication 
devices including portable telephones and radios. 

Figure 3 shows an embodiment of spiral inductor 30 
structure 30 in which the substrate loss is greatly 
reduced by placing a solid conductive plane 32 between 
the spiral inductor 12 and the substrate 20 so that the 
current charging and discharging the oxide capacitance 
C 0 x does not flow through the lossy substrate 20. The 35 
electric field across the oxide layer 18 terminates at the 
solid conductive plane 32. The solid conductive plane 
32 may be electrically connected to the substrate 
ground 22 or to another low impedance potential. The 
effect of the solid conductive plane 32 is to eliminate the 40 
resistance R SUB and to effectively replace R S ub witn 
the low resistance path from the termination of the elec- 
tric field on the conductive plane 32 to the substrate 
ground 22 or the low impedance potential. The low 
resistance path is discussed in greater detail later. 45 

The solid conductive plane 32 has a conductivity 
several magnitudes greater than the conductivity of the 
substrate and is electrically connected to a fixed low 
impedance potential so that the current charging and 
discharging the oxide layer capacitance C 0 x flows so 
through the conductive plane 32 rather than the sub- 
strate 20. The fixed low impedance potential is typically 
a user provided integrated circuit ground. As will be 
described in more detail below, the solid conductive 
plane 32 can be fabricated between the spiral inductor 55 
1 2 and the substrate 20 without adding extra processing 
steps to presently existing integrated circuit fabrication 
processes. Therefore, the preferred spiral inductor 
structure is easily and inexpensively incorporated into 



standard integrated circuit manufacturing processes. 

Figure 4 is an equivalent circuit of the spiral induc- 
tor 12 in which the solid conductive plane 32 is located 
between the spiral inductor 12 the substrate 20. The 
resistance R S ub oi Figure 2 is not present in the equiv- 
alent circuit of the spiral inductor structure because of 
the electrostatic shielding provided by the solid conduc- 
tive plane 32. Therefore, the spiral inductor structure of 
this invention can have a higher Q than previously pos- 
sible. 

The spiral inductor structure 12 of Figure 3 can 
have a high-Q, but there are limitations on how close the 
solid conductive plane 32 can be to the spiral inductor 
12. As shown is Figure 5 in which the insulating layer 18 
is omitted for clarity, an alternating current flowing 
through the spiral inductor 12 induces eddy currents 92 
in the solid conductive plane 32. If the solid conductive 
plane 32 is too close to the spiral inductor 12, the eddy 
currents 92 become very effective at opposing and can- 
celling the magnetic fields generated by the spiral 
inductor 12. Depending on the conductivity of the solid 
conductive plane 32 and its spacing from the spiral 
inductor 12, the eddy currents 92 can become so large 
as to reduce the value of inductance of the spiral induc- 
tor 12. The Q of an inductor is proportional to the value 
of the inductance of the inductor and inversely propor- 
tional to the resistance of the inductor. As a result, the 
increase in the Q of the spiral inductor 12 obtained by 
reducing Rsub can De canceled due to the reduced 
value of the inductance of the spiral inductor 12. 

Figure 6 is a plot that depicts the variation in the spi- 
ral inductor 12 inductance value as a function of the dis- 
tance between the spiral inductor 12 and the solid 
conductive plane 32 of Figure 3. This plot shows that for 
a particular spiral inductor configuration the inductance 
value of the spiral inductor 12 begins to decrease when 
a solid conductive plane 32 is less than approximately 
100 micrometers from the spiral inductor. With present 
integrated circuit fabrication processes, it is difficult to 
fabricate the conductive plane greater than 100 microm- 
eters from the spiral inductor 12. 

In addition to reducing the inductance of the spiral 
inductor 12, the solid conductive plane 32 located close 
to the spiral inductor 12 can significantly increase the 
value of the parasitic capacitance C ox . This is undesir- 
able because an increase in the parasitic capacitance 
associated with the spiral inductor 12 reduces the fre- 
quency range in which the inductor may be usefully 
operated. 

Figures 7, 8, 9 show three different types of modifi- 
cations to the conductive plane 32 in which the conduc- 
tive plane is located between the spiral inductor 12 and 
the substrate, and the conductive plane is segmented. 
The oxide layer 1 8 has been omitted from the figures to 
aid in the depiction of the segmented conductive plane 
62, 63 or 64. For illustrative purposes, the spiral inductor 
12 is depicted as suspended above the segmented con- 
ductive plane 62, 63 or 64. The conductive material is 
segmented according to predetermined patterns that 
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prevent significant eddy currents from flowing in the 
segmented conductive plane 62. 63 or 64. Preventing 
eddy currents from flowing in the segmented conductive 
plane 62, 63 or 64 reduces the effects of the close prox- 
imity of the segmented conductive plane 62, 63 or 64 on 
the inductance of the spiral inductor 12. However, the 
segmented conductive plane 62, 63 or 64 located 
between the spiral inductor and the lossy substrate will 
still electrostatically shield the spiral inductor from the 
lossy substrate. The segmented conductive plane 62, 
63 or 64 effectively minimizes the effect of the substrate 
resistance without reducing the inductance of the spiral 
inductor. Therefore, the Q of the spiral inductor 12 is 
increased by including the segmented conductive plane 
62, 63 or 64 in the spiral inductor 12 structure. With the 
segmented conductive plane 62, 63 or 64 located 
between the spiral inductor and the substrate, eddy cur- 
rents still flow in the lossy substrate, but do not substan- 
tially effect the inductance value of the spiral inductor. 
The eddy currents flowing in each of the segmented 
conductive planes 62, 63 or 64 are substantially 
reduced in value by the segmenting patterns. However, 
the amount of electric field resistive loss can vary 
between the pattern configurations. The variance in 
electric field resistive loss between the segment config- 
urations will be discussed later. 

Figure 10 is a plot that depicts the values of Q for a 
particular spiral inductor fabricated adjacent a substrate 
as a function of frequency for several different configu- 
rations. A first curve 72 represents the Q of an ideal spi- 
ral inductor which has no associated electric or 
magnetic field losses (R M1 =R M2 =R s =0 ohms ). A sec- 
ond curve 74 represents the Q of a spiral inductor as 
shown in Figure 1 which has both electric and magnetic 
field losses. A third curve 76 represents the Q of an 
embodiment of spiral inductor in which the electric field 
loss has been reduced by a segmented conductive 
plane located between the spiral inductor and the lossy 
substrate. 

Figure 1 1 shows a cross-section perspective view 
of a typical integrated circuit structure 80 in which a spi- 
ral inductor may be fabricated. The structure includes a 
resistive substrate 81 with a conductive layer 82 on its 
bottom surface. On the top surface of the resistive sub- 
strate 81 exists a doping region layer 83 which is con- 
ductive and can be formed by heavily doping the top 
surface of the resistive substrate 81. The segmented 
conductive plane can be fabricated out of the doping 
region layer 83 by selectively doping the top surface of 
the resistive substrate 18 to provide the desired shape 
of the segmented conductive plane. The processes 
used to selectively dope the top surface of the resistive 
substrate 18 to fabricate the segmented conductive 
plane are the same processes used to selectively dope 
the top surface of the resistive substrate 81 when fabri- 
cating active and passive semiconductor devices such 
as transistors, diodes and resistors. The fabrication of 
active and passive devices on a resistive substrate is a 
process that is well understood and is a processing step 



in the fabrication of essentially all integrated circuits. 
Above the doping region 83 is a first insulating layer 84. 
The insulating layer 84 may comprise a non-conductive 
oxide. Above the first insulating layer 84 is a polysilicon 

5 layer 85. The conductive plane can be formed in the 
polysilicon layer 85 by masking and etching the polysili- 
con layer as the polysilicon layer is fabricated. Above 
the polysilicon layer is another insulating layer 84. The 
next layer is a first metallisation layer 86. The seg- 

w mented conductive plane can be formed in the first met- 
allisation layer 86 by masking the first metallisation layer 
86 after it is formed with a photoresist. The metallisation 
layer 86 with photoresist is exposed to light and then 
etched to form the patterns. This procedure is the same 

is as is presently used to form patterns in metallisation lay- 
ers when creating the electrical interconnections 
between devices on an integrated circuit. The conduc- 
tive plane can alternatively be formed by selectively 
depositing the first metallisation layer 86 in the desired 

20 pattern. Above the first metallisation layer 86 is another 
insulating layer 84. The next layer is a second metallisa- 
tion layer 87. The second metallisation layer 87 can be 
used to form a connection trace to one end of the spiral 
inductor if the spiral inductor is not connected to ground. 

25 Above the second metallisation layer is another insulat- 
ing layer 84. The top layer is a third metallisation layer 
88 in which a spiral inductor 12 can be formed. 

A conductive plane can be formed in the doping 
region layer 83, the polysilicon layer 85 or the first met- 

30 allisation layer 86. The closer the conductive plane is 
formed to the spiral inductor, the more parasitic capaci- 
tance there is associated with the spiral inductor. Typi- 
cally, the doping region layer 83 is the layer that is the 
farthest from the spiral inductor. However, the doping 

35 region layer 83 is more resistive than the metallisation 
layer 86 or the polysilicon layer 85. The polysilicon layer 
85 is more resistive than the metallisation layer 86. As 
the resistivity of the segmented conductive plane 
increases, the electrostatic shielding that the seg- 

40 mented conductive plane provides becomes less effec- 
tive and the electric field loss increases. Electric field 
loss translates into a reduction in the Q of the spiral 
inductor. Therefore, a tradeoff exists between spiral 
inductor loss and spiral inductor capacitance depending 

45 on the layer selected as the segmented conductive 
plane and the distance between the spiral inductor and 
the segmented conductive plane. 

The segmented conductive plane 62 should be 
configured to minimize the eddy currents flowing 

so through the segmented conductive plane when the spi- 
ral inductor 12 is conducting an alternating current. Fig- 
ure 5 shows the paths in which eddy currents 92 
induced by the alternating current flow in the solid con- 
ductive plane 32. Figure 7 shows a segmented conduc- 

55 tive plane 62 in which the magnitude of the eddy 
currents is reduced significantly by segmenting the con- 
ductive plane. The segmenting increases the resistance 
of the conductive plane to eddy currents 92 flowing in 
the direction as shown in Figure 5. This is accomplished 



5 



9 



EP 0 780 853 A1 



10 



by forming the segment pattern so that there are no 
conductive paths around the surface area of the con- 
ductive plane in the direction as indicated by the eddy 
currents 92 of Figure 5. As shown in Figure 7, a gap 94 
must exist in the segmented conductive plane 62 to pre- 
vent the existence of the conductive paths. 

An alternating potential on the spiral inductor 12 will 
created an alternating electric field from the spiral 
inductor 12 to the conductive plane 62. Figure 12 shows 
the path of electric fields lines 102 emanating from the 
spiral inductor 12. The electric field lines 102 emanating 
from the spiral inductor will terminate at the nearest 
conductive material. Therefore, electric field lines 102 
emanating from the spiral inductor 12 will terminate at 
the segmented conductive plane 62. Current 104 flows 
from the termination points of the electric field lines 102 
to a fixed low impedance reference voltage electrically 
connected to the segmented conductive plane 62. The 
electric field loss can be minimized by reducing the 
resistive path of the segmented conductive plane 62 in 
which the current 1 04 flows from the termination point of 
the electric field to the fixed low impedance potential of 
the integrated circuit. This can be accomplished by min- 
imizing the amount of conductive surface distance that 
the electric field induced current 104 flows. The longer 
the distance of conductive plane 62 through which the 
induced current 104 flows, the greater the electric field 
loss component of the spiral inductor 12. The outside 
edges 95 of the conductive plane 62 are at a potential 
very close to the fixed low impedance reference poten- 
tial of the integrated circuit. To minimize the average 
conductive path distance between the outside edges of 
the conductive plane 62 and the termination points of 
the electric field lines 102 on the conductive plane 62, 
the conductive plane 62 is fabricated following a pattern 
in which the conductive plane 62 comprises a multiple 
of conductive plane fingers 98. The conductive plane 
fingers 98 extend from the edges of the conductive 
plane towards the center of the planar inductor struc- 
ture. The pattern of the conductive plane 62 shown in 
Figure 12 has been simplified for depiction. 

The segmented conductive plane 62 of Figure 7 
has less electric field resistive loss than the segmented 
conductive plane 63 of Figure 8 or the segmented con- 
ductive plane 64 of Figure 9. This is because the aver- 
age distance between the electric field termination 
points and the outside edges of the segmented conduc- 
tive plane 62 of Figure 7 is less than the average dis- 
tance between the electric field termination points and 
the outside edges of the segmented conductive plane 
63 of Figure 8 or the segmented conductive plane 64 of 
Figure 9. 

A single inductor can be fabricated by electrically 
connecting more than one spiral inductor together. The 
spiral inductors can be formed on different conductive 
layers of the integrated circuit. Figure 13 shows two spi- 
ral inductors 111, 112 which are electrically connected 
by a first via 113 and a second via 114. The vias 113, 
114 generally pass through an insulating oxide. An 



advantage to providing an inductor by connecting two 
separate spiral inductors includes a reduction in the 
series resistance of the useable inductor. If the two spi- 
ral inductors are formed so that the spiral inductors are 

5 connected in parallel, the series resistance of the com- 
bination will be less than the series resistance of the 
individual spiral inductors. This can yield an inductor 
with less series resistance than a similarly constructed 
inductor having half the inductance. Figure 14 shows an 

10 inductor formed by connecting two spiral inductors that 
reside on two different layers in series. With this struc- 
ture, an inductor can be formed having a greater 
number of turns within a smaller amount of integrated 
circuit chip surface area. By minimizing the surface area 

is of the inductor, the series resistance of the inductor can 
be minimized. 

The disclosures in United States patent application 
no. 08/576,024, from which this application daims prior- 
ity, arid in the abstract accompanying this application 

20 are incorporated herein by reference. 

Claims 

1 . An integrated circuit inductor structure comprising a 
25 resistive substrate (20); a spiral inductor (12); a 
conductive layer (32) located between the spiral 
inductor and the substrate; and means for insulat- 
ing the spiral inductor from the conductive layer. 

30 2. An inductor structure as recited in claim 1 , wherein 
the conductive layer (32) includes a plurality of con- 
ductive segments and located to minimize eddy 
currents flowing through the conductive layer. 

35 3. An inductor structure as recited in claim 2, wherein 
the conductive layer additionally includes a perime- 
ter region electrically connected to a fixed low 
impedance reference voltage, the conductive seg- 
ments extending from the perimeter region towards 

40 a center portion of the planar inductor structure so 
that electric field current induced in the conductive 
layer flows a minimized distance through the con- 
ductive layer. 

45 4. An inductor structure as recited in any preceding 
claim, wherein the conductive layer comprises 
metal, polysilicon or a heavily-doped region of the 
substrate. 

so 5. An inductor structure as recited in any preceding 
claim, wherein the spiral inductor comprises a first 
part on a first metallisation layer and a second part 
on a second metallisation layer wherein the first 
part and the second part are electrically connected. 

55 

6. An inductor structure as recited in claim 5, wherein 
the first part and the second part are connected in 
parallel. 
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7. An inductor structure as recited in claim 5. wherein 
the first part and the second part are connected in 
series. 

8. A method of increasing the Q of an integrated cir- 5 
cuit inductor structure, comprising the steps of pro- 
viding an integrated structure including a substrate 
(20). a spiral inductor (12) and an insulating layer 
(18) between the substrate and the spiral inductor; 
and interposing a conductive layer (32) between the to 
substrate and the insulating layer. 

9. A method as in claim 8. comprising a step of seg- 
menting the conductive layer. 

15 

1 0. A method as in claim 9. comprising the steps of pro- 
viding a fixed low impedance potential electrically 
connected to a perimeter region of the conductive 
layer; and extending the segmenting of the conduc- 
tive layer from the perimeter region towards a 20 
center portion of the planar inductor structure. 
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